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Studies on the cold injury of citrus trees. 1.

Differences in freezing resistance of citrus species.

Fujio YOSHIMURA and Yoshinobu ONO
(Laboratory of Fruit-production, Faculty of Agriculture)

Summary

1. Using various citrus spécies grown in a green house from .the previous late autumn,
the resistance of the plants to freezing was observed by lowering the temperature of the
refrigerator slowly down to —5°C, —7°C, —8°C, —9°C, —10°C and —12°C respectively.
The tissues around the lateral shoot buds were first frozen at —4 to —5°C, and the freezing
spots appeared gradually on the leaves from their basal part at —5 to —6°C. Thus, the tem-
perature at which all plant parts were frozen was as follows: —9°C for Natsumikan (Citrus
Natsudaidai) and Orange (Citrus sinensis var. brasilensis); —10°C for Lemon (Citrus
limon), Hassaku (Citrus Hassakiu), Hyuganatsu (Citrus Tamurana) and Buntan (Citrus
grandis var. Hogen); and —11°C for Unsha (Citrus Unshi) and Daidai (Citrus
Aurantium).

2. When the temperature in each treatment was raised to —2 or —3°C from its minimum
value, all of the frozen plants begin to thaw. They became as normal as the non-treated plants
when kept at 0°C for 4 or 5 days. However, it was noted that some of leaves were killed
when the minimum temperature was —8°C, and some of stems were killed when it was
—12°C, the degree of darmage being most severe in Natsumikan, Lemon and Orange, and
being least in Unsha and Daidai. ‘

3. When the plants were moved to a warm place after the freezing treatment, they all
developed new sprouts. However, their growth was markedly retarded by the treatment,
particularly at freezing temperatures lower than —8°C. This retarding corresponded to the degree
of freezing damage of the foliage. In conclusion, the cold resistance of citrus species was as
follows : Daidai and Unshii were the most resistant ; Buntan, Hassaku and Hyuganatsu were of

" medium resistance ; and Natsumikan, Lemon and Orange were the least resistant.
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Duration of freezing treatments in number of hours.
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Fig. 1. Experimental design of the freezing treatments.

All plants were kept in a cool place 0 to 5°C for 12 hours before and after being
subjected to freezing treatments. At the time designated for each treatment, in the
evening of the experimental day, plants were placed in the refrigerator where the
temperature was lowered at the rate of approximately one degree per hour, finally
reaching the value of —5°C, —7°C, —8°C, —9°C, —10°C and —12°C, respectively,
early in the morning of the following day. Except for the treatment periods
designated above, all plants were held at temperatures that varied from 3.5 to

17.0°C daily.
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Table 1. Symptoms of plants after being kept in refrigerator, the temperature
of which was lowered gradually from 0°C to the minimum temperature in
each treatment.

Minimum temp. in

each treatment Symptoms of plants treated

—4~—=5°C Dark greenish and oily spots appeared around stem buds.

Freezing spots appeared first at the basal part of leaves and then
--5~—6°C spread to all parts, Nearly half of the stems and some of the leaves

were frozen in each species.

Large frozen areas developed by freezing spots fusing with each
other along the midrib of leaves (Fig. 2—C). Leaves began to roll
—~e—g°C along their midrib on the upper side. Frozen leaf parts turned dark
green. In most species, a greater number of stems and half of the
leaves were frozen, except with Natsumikan in which all parts were

frozen.

All stems were frozen in each species. All leaves were frozen in
—9°C Natsumikan and oranges, and a greater number of leaves in Hassaku,

Buntan and Hyuganatsu, and half of the leaves in Daidal and Unsha.

—10°C All plant parts were frozen in Natsumikan, Buntan, Hassaku :and
Lemon.
—0~—11°C A whitish and silvery lustre appeared on the surface of the lower

side of the frozen dark green leaves.

—-12°c - All parts of the plant were frozen in Unsha.
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Fig. 2. Freezing symptoms of Citrus Unsha when the temperature was gradually
lowered to —12°C. Arrows point to the frozen:parts.
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Fig. 3. Per cent of dead leaves per plant when treated by different freezing

temperatures.

(Upper) Each individual species was treated on a different day

between January 29 and February 5, 1960. (Lower) Each individual species
was treated on a different day between February 27 and March 3, 1961.
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Fig. 4. Spring growth of plants on March 15 after being subjected to freezing
treatments conducted on different days between January 29 and February 5,
1960. 1: Non-treatment, 2: —5°C treatment, 3: —7°C treatment, 4: —9°C
treatment and 5: Treated twice at —7°C.

yﬁlUﬁVvV@~%@ﬁ,—8CMW®mm\ﬁ/%h<@ﬂ®¥ﬂ®ﬁ,—N)Ckﬂ@m
WHVvO—ROEL IO T OIA E4LEA, —12°C BAEO T NOTHH S LTENATEL
fro 13d, —12°CHBOE I H Y, LEY, XH, AY7OEDTHBMEIE LT,
2. BEEEFOBROEG TG

WIS A% O EREMES XU 2O OIREARTEHE 2, IXBIUES, 6ROEEHT
H 5o

Table 2 Increase in fresh weight about 6 months after the freezing treatments
were conducted on different days between January 29 and February 5. 1960.

Non- —5°C —7°C —7°C* —-9°C
treatment treatment treatment treatment Il treatment
' g g g g g

Citrus Aurantium % 4 # 4 | 1.20100)  0.87(73)  0.84(70) 0.71(59)  0.62(52) -
Citrus Unsha EON T A v | 0.79C100)  0.56(71)  0.46(58) 0.43(54)  0.37(4T)
Citrus grandls en B 76 X B | 095100  0.8185)  0.65(68)  0.518)  0.36(38)
Citrus Tamurana AP I H v 0. 79C100) 0.63(81) 0.47(60) 0. 40(51) 0.293M
Citrus Hassaku U+ 2 | L109C100)  0.85(78)  0.65(60) 0.52(48)  0.40Q37)
Citrus Limon Vo' v | L43C100) 139697 0.97(68) 0.46(3)  0.392M)
C. Natsudaidai ¥ % # ¥ | L03(100) 0.87(84)  0.41(40) 0.38027  0.23(22)
ngfgggﬁgwmﬂ vov v | 0.87¢000)  0.65(75)  0.36(41) 0.24(28)  0.05( 6

* Treated twice at —7°C at an interval of 12 hours.
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Fig. 5. Growth of plants on July 23 after being subjected to the Freezing
treatments conducted between January 29 and February 5, 1960. 1: Non-
treatment, 2: —5°C treatment, 3: —7°C treatment, 4: —9°C treatment, and
5: Treated twice by —7°C.

Table 3. Increase in fresh weight about 4. 5 months after the freezing treatments
were conducted on different days between February 27 and March 3, 1961.

Non- —8°C —10°C —12°C

treatment treatment treatment treatment

- g g g g
Citrus Unshu WM v 0. 49C100) 0.30¢61) 0. 1837 0.07C 14)
Citrus grandis T _ _

-var--Hegen '[L JL X H 0. 66(100) 0. 39¢60) 0.20030) 0. 17(-26)
Citrus Hassaku VAN A 0. 68100 0. 30(44) 0.21030) —0.22(—32)
Citrus Limon voE® v 0.753100) 0.27(36) 0.2002M —0.28(—3D
Citrus Natsudaidai AV 0. 57(100) 0.20(35) 0. 1221 —0.22(=39
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Fig. 6. Growth of plants on July 15 after being sub- Zhn®® TN, % e, 1A, 2
jected to the freezing treatments conducted on different : <
SN
days between February 27 and March 3. 1961. 1: Non- A, OFBRILCO0THS &, 4°C
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Table 4. Date when the daily minimum temperature fell below —5°C
between the years 1951 and 1961

December ‘ January Fel).ruary
1951 — 1952 - ‘
1952 — 1953 iz
1953 — 1954 _ f |
1954 — 1955 i Ejjé:é% 22 (—5.3)
1955 — 1956 Sizly M=SD
- 24 (—5.1)
1956 — 1957 i3y
1957 — 1968 My
5 (—6.3) 17 (=5.0)
1958 — 1959 18 (—9 1)
6 (—5.2) 19 (—7.0)
1959 — 1960 8 Ejj?:%%
30 (—5.4) 1 (—6.6) igg—ggg %g—ggg
1960 — 1961 31 (=5.0) 2 (=5.7) 19 (—5.0) 3 (—5.2)
15 (—5.1)

* Numbers in parenthesis indicate the daily minimum temperature (°C).
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